



  Sustainable and Cost-Effective Field-Level Therapeutic Strategy for Managing 
Repeat Breeding in Dairy Cattle

ABSTRACT:
Repeat breeding in bovines is a multifactorial reproductive disorder, often exacerbated by subclinical endometritis (S.E) and ovulatory dysfunction namely Delayed Ovulation (D.O), particularly under field conditions. This study was conducted to evaluate the effectiveness of a field-level therapeutic strategy targeting these two major contributors. The trial was implemented in six villages under the jurisdiction of the Veterinary Dispensary, Vedullapalli, involving 80 apparently healthy and well-nourished repeat breeding buffaloes. All selected animals exhibited normal clinical parameters and reproductive tract morphology upon per rectal and vaginal examination. Uterine discharges were clear, devoid of pus cells, leukocytes, or blood, and demonstrated a normal fern pattern on microscopic evaluation, indicating the absence of overt endometrial pathology. These were the selection criteria of repeat breeding animals for this study.
On the onset of estrous, a single intramuscular dose of long-acting oxytetracycline dihydrate (20 mg/kg body weight) was administered. 6 Artificial inseminations (A.I) were performed at 12-hour intervals over three consecutive days, beginning 24 hours post-antibiotic administration. This is the Test-therapeutic protocol (TTP). Pregnancy diagnosis was conducted on Day 90 post-A.I by per rectal palpation for those animals that hadn’t come to heat.
A total of 200 repeat breeding buffaloes, selected based on the criteria previously described, were enrolled in the study and randomly allocated into 4 equal groups (n = 50) Group A, Group B, Group C and Group D. One more group of 50 animals was chosen randomly without any selection criteria and was named as Random Group (R.G). For Group R.G and A, single A.I was done in their estrous period as per standard protocol. Group A serves as control group. For group B, 6 A.I were done, for Group C oxytetracycline dihydrate injection and single A.I was done, for Group D TTP protocol was followed in their estrous periods. Pregnancy diagnosis was performed via per rectal palpation on the 90th day post-A.I. Conception rate in Group R.G is 40%, Group A is 0%, Group B is 22%, Group C is 76% and group D is 92%. Conversely, all non-conceived animals in all groups returned to estrus within 21 to 22 days post-insemination, indicating failure of conception. The results clearly proved that TTP protocol has highest conception rates in Group D when compared to that of other protocols in remaining groups, by resolving the repeat breeding condition, due to both S.E and D.O, in group D animals.
These findings suggest that a single-dose long acting oxytetracycline-based intervention, coupled with multiple doses of A.I, can serve as a sustainable, field-appropriate and cost-effective strategy for improving conception rates in repeat breeder bovines, particularly in resource-limited rural settings.
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1. INTRODUCTION:
	The National Commission on Agriculture (NCA, 1976)- the reference is not found in the bibliography! recommends one veterinarian for every 5,000 adult cattle units, Evidential research has reported that in many rural regions of India, a majority of Veterinary dispensaries function with shortage of Veterinarians, minimal equipment, often restricted to basic tools such as a compound light microscope, while advanced facilities like ultrasonography, hormonal assays, or endoscopy are available only at district-level polyclinics or veterinary hospitals.  Farmers may need to transport their animals over long distances for advanced evaluation and treatment, which incurs high cost for transport and also include challenges in ensuring timely follow-up (M.H. Malik, 2009). The shortage of veterinary manpower and uneven distribution of resources aggravate these difficulties, leaving small-scale farmers dependent on low-cost and locally accessible solutions. 
The low production levels in Indian cattle is due to high prevalence of issues related to reproduction, Repeat breeding_(RB), is one of the major issues of these (Verma.S et., al-2018). RB is defined as the failure of conception after three or more regular estrous cycles in the absence of detectable abnormalities in the reproductive tract (Sheldon et al., 2006). Repeat breeding is widely reported across Indian dairy herds, with prevalence ranging between 18% and 31% in indigenous cattle and up to 40% or more in crossbred populations (M.H. Malik, 2009). This syndrome contributes to substantial economic losses, including prolonged calving intervals, reduced lifetime productivity, increased insemination costs, and premature culling of otherwise healthy animals (Singh, T. or P.?  2020).
With a clear need of the study established the present study was conducted at Vedullapalli to address the issue and check the possibilities of developing a least cost effective solution for RB. The locale of the study was rural Godavari River basin of Andhra Pradesh, India. Geographically, the village is positioned at approximately 16.658°N latitude and 80.967°E longitude, lying within the fertile alluvial plains that characterize the Godavari delta region. The area is humid tropical, with distinct wet and dry seasons, it is an agriculturally intensive zone with livestock rearing as complimentary farming. Vedullapalli is a veterinary service hub for the Hamlet-Bobilanka, Mulakallanka, Munagala, I.G. Peta, and Rajampeta, collectively sustaining a cattle and buffalo population of nearly 4,900. Optimal productivity in dairy farming requires timely estrous, successful conception, and calving at intervals of approximately one calf per year in cattle and one calf every 1.2 years in buffaloes to ensure economic viability (Arthur et al., 2001; Ball & Peters, 2004). Timely conception, within 100 days of parturition in dairy buffaloes is considered as the principle economic factor of milk producing farms (Singh, T. or P.? 2020).
2. MATERIALS & METHODS:
Repeat breeders were identified during routine field fertility camps. Repeat breeding was observed as a predominant reproductive disorder, characterized by the failure of animals to conceive despite successful artificial inseminations (A.I) in three or more consecutive estrous periods in the same animal (Rizzo, Lillo, et al., 2023). To quantify and investigate the prevalence of this condition, all village-level veterinary staff were instructed to identify and report cases of repeat breeding where A.I was conducted under standard protocols (Government of India, 2020; Roberts, 1986). Affected animals were subjected to thorough clinical evaluations, including both macroscopic reproductive tract assessments and microscopic examination of vaginal and uterine discharges.
A subset of animals exhibited varying degrees of clinical endometritis, requiring extended and targeted therapeutic interventions in accordance with standard treatment protocols (Sheldon et al., 2006). These animals were excluded from the present trial and managed under a separate therapeutic regimen.
A subset of repeat-breeding animals included in this study were clinically healthy, well-nourished, and exhibited normal physiological parameters, including pulse rate, heart rate, body temperature, and good body condition score(BCS>2.75). According to the handler reported case histories, these animals had no prior incidences of reproductive complications such as abortions, retained placenta or genital prolapse. The group comprised both uniparous and multiparous female buffaloes, all of whom demonstrated regular estrous cycles. These animals were selected for the trial and were monitored throughout the study period under the joint supervision of local livestock owners, trained village-level staff, and the attending veterinary officer to ensure strict compliance with the Test-therapeutic protocol (TTP).
 A total of 200 apparently healthy repeat breeder buffaloes were selected for the study. All animals exhibited regular estrous cycles at intervals of 20 to 21 days in line with the standard (Arthur et al., 2001; Roberts, 1986) and showed no history of abortions, prolapse, or other reproductive disorders. Vaginal and uterine discharges were macroscopically clear and free from visible abnormalities. Microscopic examination revealed no presence of leukocytes, pus flakes, erythrocytes, or other pathological elements, and all samples exhibited a characteristic clear fern pattern, suggesting the absence of active endometrial inflammation.
Per rectal examination confirmed that the ovaries were rough-textured with palpable active follicles, normal in size and free from cystic structures. The uterine horns, uterus, cervix, vagina, and vulva were found to be normal in consistency, shape, and size, with no palpable lesions or anatomical abnormalities. All reproductive organs appeared physiologically appropriate for the animal’s age and parity.
This therapeutic study was carried out on basis of precise clinical macroscopic (gross) and microscopic findings as detailed below:
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Fig.1. FRAMEWORK OF THE STUDY

3. RESULTS  AND DISCUSSION
List 1: Analysis and interpretation of data based on clinical findings
	Clinical Findings
	Interpretation / Analysis

	1.   Regular estrous cycles, well-fed animals
	Indicative of normal ovarian cyclicity; no evidence of early embryonic mortality and no malnutrition_(Crowe et al., 2014 or 2008 as in the references?)

	2. Per rectal examination of reproductive tract
	Ovaries free from cystic formations; reproductive organs (uterine horns, uterus, cervix) normal in size, shape, and consistency with no palpable abnormalities_(Roberts, 1986)

	3. Microscopic examination of uterine discharges using compound light microscopy
	Absence of pus flakes, blood tinges, leukocytes, or other inflammatory indicators; presence of clear fern pattern - characteristic of the normal estrous phase (Purohit & Thakur, 2018; Rao et al., 2013)


Use aligned!
Based on the comprehensive clinical and microscopic evaluations, subclinical endometritis and delayed ovulation were identified as the primary etiological factors contributing to repeat breeding in the selected bovine population 
Use aligned!
Subclinical endometritis (S.E.) is a clinically silent uterine inflammation due to infection, without visible clinical signs such as abnormal vaginal discharge or fever. This condition often remains undetected yet significantly reduces fertility and conception rates (Bajaj et al., 2016; Merck Veterinary Manual, 2024). Delayed ovulation in buffaloes refers to a reproductive dysfunction where the follicle either matures later than expected or fails to ovulate on time, despite signs of estrus being present. This condition often contributes to repeat breeding, as the timing of insemination becomes mismatched with ovulation (Gordon, 1996).
Use aligned!
To address subclinical endometritis, each animal received a single dose of long-acting, broad-spectrum antibiotic—oxytetracycline dihydrate—administered intramuscularly at a dosage of 20 mg/kg body weight immediately after exhibition of first signs of estrous (Singh, T. or P.? 2020; Sheldon et al., 2006). To manage delayed ovulation, artificial insemination (AI) was performed six times at 12-hour intervals starting 24 hours post-antibiotic administration, following standard reproductive management protocols (Government of India, 2020). This diagnostic cum therapeutic strategy is named as Test – Therapeutic Protocol (TTP). Available resources refer to those that are locally accessible and economically feasible for rural farmers. In this context, diagnostic tools are limited to the compound light microscope available at the Veterinary Dispensary, as no advanced diagnostic facilities exist locally. The antibiotic used, oxytetracycline, is widely available at rural medical shops, cost-effective compared to more expensive alternatives such as cephalosporins, and affordable for small-scale farmers.”
Further details regarding the AI schedule and monitoring protocols are outlined below.
4. TREATMENT, ARTIFICIAL INSEMINATION, AND PREGNANCY DIAGNOSIS
The study group comprised of 5 Sub-groups of animals with 50 buffaloes in each group. First group is Random Group (R.G) in which 50 buffaloes were randomly selected from the population without any selection criteria. 200 repeat breeder animals, which were systematically randomized into four groups of equal size (n=50 each) viz., Group A, B, C and D, to evaluate the efficacy of the therapeutic intervention. These repeat breeding buffaloes were selected as per selection criteria mentioned. Group A functioned as control group. Group B, C and D served as the treatment cohort. Throughout the experimental timeline, animals were maintained under strict supervision by their respective owners, supported by village-level paraveterinary staff, and overseen by the Veterinary Assistant Surgeon, Veterinary Dispensary at Vedullapalli to ensure compliance with protocols and consistency in management.
4.1. Random Group (R.G): 
Use aligned! Here 50 apparently healthy buffaloes were chosen from population without any selection criteria that is followed in remaining groups. Each animal was subjected to single A.I as per standard protocol during their estrous period (Government of India, 2020). 21 animals found pregnant on pregnancy diagnosis done by per rectal palpation on 90th day of post A.I. Non conceived animals returned to estrous within 21 to 22 days of post A.I.
4.2. Group A (Control Group):
Use aligned! This group consisted of 50 clinically healthy repeat breeding buffaloes, maintained under optimal nutritional regimens and satisfactory animal husbandry practices. All animals demonstrated normal estrous cyclicity with a mean inter-estrus interval of 20 to 21 days. Despite undergoing successful artificial insemination (AI) in three consecutive estrous periods, done as per standardized operational procedures (Roberts, 1986 (doesn't need emphasizing!); Government of India, 2020) these animals failed to establish pregnancy, thereby meeting the criteria for repeat breeding.
Use aligned! On detection of estrous, animals underwent a comprehensive clinical reassessment to verify general health status and exclude any systemic illness that might confound reproductive performance. Following confirmation of health, animals received single A.I during their estrous period as per standard protocol (Government of India, 2020). All the animals came to estrous within 20 to 21 days of A.I which clarified failure of single A.I to make the animals conceive.
4.3. Group B:
The group was similarly composed of 50 repeat breeding buffaloes whose selection criteria is similar to that of Group A. Animals in this group underwent the same estrus detection and health confirmation procedures as Group A. During their estrous period, total of six inseminations were performed at 12-hour intervals over a 72-hour period. This intensive AI regimen was designed to mitigate the impact of delayed ovulation, a common heat aberration contributing to conception failure (Gordon, 1996). Pregnancy diagnosis was conducted 90 days following the last insemination using per rectal palpation. 11 animals found pregnant. Remaining 39 animals came to estrous on 21st day of previous A.I. and these were diverted for further clinical investigations. So, this therapeutic regimen resulted in 22 % conception rate. All pregnant animals calved normally after full term.
4.4. Group C:
The group was similarly composed of 50 repeat breeding buffaloes whose selection criteria is similar to that of Group A. Animals in this group underwent the same estrus detection and health confirmation procedures as Group A. Following confirmation of health, animals received a single dose of oxytetracycline dihydrate, a broad-spectrum, long-acting tetracycline antibiotic namely oxytetracycline dihydrate, administered via deep intramuscular injection at a calculated dose of 20 mg/kg body weight (Toutain & Raynaud, 1983). This pharmacological intervention aimed at eradicating potential subclinical uterine infections implicated in impaired fertility (Sheldon et al., 2006; Azawi et al., 2008).
Pregnancy diagnosis was conducted 90 days following the last insemination using per rectal palpation. 38 animals found pregnant. Remaining 12 animals came to estrous on 21st day of previous A.I. and these were diverted for further clinical investigations. So, this therapeutic regimen resulted in 76 % conception rate. All pregnant animals calved normally after full term.
4.5. Group D:
The group was similarly composed of 50 repeat breeding buffaloes whose selection criteria is similar to that of Group A. Animals in this group underwent the same estrus detection and health confirmation procedures as Group A. Following confirmation of health, animals received a single dose of oxytetracycline dihydrate, a broad-spectrum, long-acting tetracycline antibiotic namely oxytetracycline dihydrate, administered via deep intramuscular injection at a calculated dose of 20 mg/kg body weight (Toutain & Raynaud, 1983). This pharmacological intervention aimed at eradicating potential subclinical uterine infections implicated in impaired fertility (Azawi et al., 2008).
Artificial inseminations commenced 24 hours post-antibiotic administration to coincide with anticipated ovulation timing, and a total of six inseminations were performed at 12-hour intervals over a 72-hour period. This intensive AI regimen was designed to mitigate the impact of delayed ovulation, a common heat aberration contributing to conception failure. Pregnancy diagnosis was conducted 90 days following the last insemination using per rectal palpation. 46 animals found pregnant. 4 animals came to estrous on 21st day of previous A.I. and these were diverted for further clinical investigations. So, this Test therapeutic protocol or strategy in group D resulted in 92 % conception rate. All pregnant animals calved normally after full term.
These findings substantiate the critical role of addressing subclinical uterine infections and delayed ovulation in the management of repeat breeding and emphasize the necessity of integrated therapeutic and reproductive interventions for successful conception.
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Fig: 2. STATISTICAL ANALYSIS OF RESULTS:
5. Chi-Square Test:
Step 1: Hypotheses
· Null Hypothesis (H₀): There is no association between the groups/ therapy and pregnancy percentage
· Alternative Hypothesis (H₁): There is a significant association between the groups/therapy and pregnancy percentage.
Step 2: Construct Contingency Table

	Group
	Pregnant
	Not Pregnant
	Total

	Random
	21
	29
	50

	Group A
	0
	50
	50

	Group B
	11
	39
	50

	Group C
	38
	12
	50

	Group D
	46
	4
	50

	Total
	116
	134
	250



Step 3: Compute Chi-Square Statistic
                                      χ2=∑[(O−E)2​/E] = 115.1
Step 4: Determine Degrees of Freedom (df)
df=(rows−1)×(columns−1)=(5−1)(2−1)=4
Step 5: Find Critical Value & p-value
· Critical value for χ2 at df=4, α=0.05 is 9.488.
· Calculated χ2=115.1 > 9.488 → Reject H₀.
· p-value: p<0.0001 (extremely significant).
5.1. Statistical Interpretation:
· A Chi-square test of independence was conducted to compare conception rates across five treatment groups (Random, Control A, Treatment B, Treatment C, Treatment D). Results indicated a statistically significant association between treatment group and pregnancy outcome (χ2=115.1,df=4,p<0.0001). Group D (92% conception) demonstrated the highest efficacy, followed by Group C (76%), while Group A (0%) confirmed baseline infertility. These findings underscore the synergistic effect of oxytetracycline and timed AI in mitigating repeat breeding syndrome. please arrange “justify”!

5.2. Post-Hoc Analysis:
Post-Hoc Pairwise Comparisons (Chi-Square with Bonferroni Correction)
Since the omnibus Chi-square test was significant (p<0.0001p<0.0001), we performed post-hoc Chi-square tests with Bonferroni correction (αadj = 0.05/10 = 0.005 for 10 comparisons).
List 2: Post-Hoc comparison of groups 
	Groups Compared
	χ2
	p-value
	Interpretation

	Random vs. Group A
	21.0
	<0.0001
	Significant

	Random vs. Group B
	3.2
	0.074
	Non-significant

	Random vs. Group C
	18.1
	<0.0001
	Significant

	Random vs. Group D
	27.8
	<0.0001
	Significant

	Group A vs. Group B
	23.2
	<0.0001
	Significant

	Group A vs. Group C
	76.0
	<0.0001
	Significant

	Group A vs. Group D
	92.0
	<0.0001
	Significant

	Group B vs. Group C
	25.9
	<0.0001
	Significant

	Group B vs. Group D
	37.1
	<0.0001
	Significant

	Group C vs. Group D
	4.8
	0.028
	Non-significant



5.3. Clinical Interpretation:
· Group D (92% conception) outperformed all others, followed by Group C (76%), suggesting that oxytetracycline + intensive AI is the most effective intervention.
· Group A (0% conception) was statistically inferior to all other groups (p<0.005).
· Group B (22% conception) implies that intensive AI alone is insufficient without antibiotics. please arrange “justify”!
List 3: Clinical interpretation of the groups

· Post-hoc analyses confirmed the superiority of oxytetracycline-based interventions (Groups C and D) over controls (all p<0.005p<0.005). While Group D achieved the highest conception rate (92%), its statistical parity with Group C (76%) suggests that antibiotic therapy is the primary driver of efficacy, with timed AI providing marginal additive benefits. please arrange “justify”!
	Group
	Conception Rate
	Pregnant Buffaloes
	Total Revenue (₹)

	R.G
	42% (21/50)
	21
	21 × 176,000 = 3,696,000

	A
	0% (0/50)
	0
	0

	B
	22% (11/50)
	11
	11 × 176,000 = 1,936,000

	C
	76% (38/50)
	38
	38 × 176,000 = 6,688,000

	D
	92% (46/50)
	46
	46 × 176,000 = 8,096,000


· please don't tear up the table!
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5.4. Cost-Benefit Analysis (CBA) Repeat Breeder Buffalo Interventions:
Average local milk yield by each graded murrah buffaloe is 2200 litres which is slightly more than the findings (2148 litres) of Pasha et al.,(1986). Average lactation length is 300 days which is close to the findings (299 days) of Suresh.R et al.,(2004).
Bailie, (1982) analysed that increase in calving interval leads to financial losses as a result of animal culling. Seeger,_(2006), Deka et al., (2021) and Kafi et al., (2007) revealed in their studies that one day increase in calving interval results in loss of minimum 6 dollars per day per animal, in addition to milk revenue loss, depending on circumstances. 
Gyanendra and Dinesh,(2019) through his regression analysis found that economic losses due to delayed conception were in the form of labour cost, value of milk list in day lapsed and treatment costs. He also reported astonishing economic loss in Uttar Pradesh due to delayed conception in lactating, non-lactating and heifers.
As per Adnan et al.,(2018), delayed conception in milch animals resulted in average annual economic loss of Rs:26326 per animal for their maintenance- please arrange “justify”!
Ground level data reports:
1. Cost of Single AI: ₹40
2. Cost of Oxytetracycline Injection: ₹140
3. Milk Yield per calving (pregnancy) : 2,200 litres
4. Milk Price per Liter: ₹80
5. Total Revenue per Pregnancy: 2,200 × 80 = ₹176,000
5.5. Cost Structure:
List 4: Cost structure of the groups
	Group
	Intervention
	Cost per Buffalo (₹)
	Total Cost (₹)

	R.G
	1 AI
	40
	2,000

	A
	1 AI (Control)
	40
	2,000

	B
	6 Ais
	240
	12,000

	C
	1 AI + Oxytetracycline
	180
	9,000

	D
	6 AIs + Oxytetracycline
	380
	19,000



5.6. Milk yield 
Benefit Calculation:
List 5 : Final Comparative Analysis (All Groups)
	Parameter
	R.G
	A
	B
	C
	D
	Best Group

	Conception Rate
	42%
	0%
	22%
	76%
	92%
	D

	Total Revenue (₹)
	3,696,000
	0
	1,936,000
	6,688,000
	8,096,000
	D

	Net Benefit (₹)
	3,694,000
	-2,000
	1,924,000
	6,679,000
	8,077,000
	D

	Statistical Significance
	p < 0.001
	p < 0.001
	p < 0.001
	p = 0.013
	Reference
	D



6. Interpretations
1. Group D is biologically superior (92% conception, p < 0.05).
2. Group D maximizes absolute revenue (₹8.1L) despite higher costs.
· Cost-benefit analysis was calculated using Drummond et al. (2015), with conception rates analysed via chi-square (McHugh, 2013) - the author does not appear in the bibliography!. Oxytetracycline efficacy followed Sheldon et al. (2006); Azawi et al., (2008) and AI costs were derived from DAH (2024).- the citation does not appear in the bibliography!
· Repeat breeding incidence in India is about 22% in 2024 as per Carbonari et al., (2024), and around 23% as per Deka et al., (2021)
· (Deka et al. 2021). As per his findings repeat breeding is at the rate of 23%. He has done extensive work on quantification of economic loss due to repeat breeding of dairy cattle in India. The major cost incurred resulted from extended calving intervals (46.1% of the total cost), followed by loss through salvage selling (38.1%), expenditure for treatment of repeat breeders (5.9%), loss of milk production (5.3%) and expenditure for extra inseminations (2.0%). - please arrange “justify”!

7. Conclusion 
The therapeutic protocol implemented in this study yielded outcomes consistent with the initial hypothesis, It was evident that a subset of animals was affected by subclinical endometritis, another subset exhibited delayed ovulation, and some were concurrently affected by both conditions. Administration of oxytetracycline dihydrate a broad-spectrum, long-acting antibiotic successfully eradicated subclinical uterine infections, aligning with findings reported in earlier studies (Sheldon et al., 2006; Kasimanickam et al., 2004; Singh, T. 2020; Azawi et al., 2008). Strategic application of multiple artificial inseminations (six A.I. sessions spaced 12 hours apart over three consecutive days) effectively addressed the delayed ovulation aberration, a cause of repeat breeding.
Kumar et al., (2010) reported conception rate of 77% and 53% with usage of ceftriaxone and enrofloxacin antibiotic therapy respectively in repeat breeders. In this therapeutic trail, single oxytetracycline injection and single A.I therapy yielded 76% conception. TTP protocol followed in Group D yielded 92% conception rate which is more than the other groups and previous studies. 
This demonstrated the efficacy of the combined therapeutic and reproductive management approach. Conception rate in Group D is 92% far more than the conception rates of remaining groups. 
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